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[DETAILED DESCRIPTION OF INVENTION] 

This invention provides 

an optical cross-linking sensitizer, and if further necessary, an optical active crosslinker, 
to the base material which adds a linear polymer whose melting point or a glass 
transition point to an organic elastomer is 50-200 degrees-Celsius, and by irradiating a 
light to this, it has a heat recovery property, it is further related with the manufacturing 
method of these goods. 

Conventionally, the tube which can be contracted or enlarged by heating was built 
mainly from the thermoplastic polymer, for example, an electron-beam cross-linked 
polyethylene, the hard PVC, etc. 
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However, it is a notch to these (a heat-resisting property, electrical property). 
Also further (springiness, flexibility), it is a notch, the coating to the goods which have 
corrugated part, corner, etc. is difficult, or it is hard to carry out full contact. 
Appearance of the goods which consist of a base material which has springiness and 
extensibility, and have a heat recovery property, for example, a tube-like object etc., 
was desired. 

In order to have heating shrinkage characteristics generally, it is a requisite that 
drawing and its freezing can be performed. 

However, in the case of the elastomer which has suitable springiness and a flexibility, it 
can draw from the inherent property. 

However, stopping the elongation, in other words freezing of drawing, cannot be done 
at normal temperature, and it will not be possible if it is not temperature 50-100 
degrees-Celsius lower than normal temperature. 

This is showing that heating shrinkage characteristics cannot be maintained in normal 
temperature. 

So, in order to apply this organic elastomer to the goods which have heating shrinkage 
characteristics or enlargement property, an innovative means must be provided. 
Every means or method was examined. 

Consequently, the method of improving the heat recoverability property of goods of 

having the springiness of this invention discovered useful and novel means. 

If this invention is further described in detail, the organic elastomer is a synthetic 

rubber. 

As diene -based, they are polybutadiene and butadiene * styrene copolymer, 
butadiene * acrylonitrile copolymer, a polyisoprene, and a chloroprene. 
As polysulfide -based, it is the polyalkylene * sulphide. 

As olefin -based, they are isobutylene polymer, isobutyl * ether polymer, 

isobutylene-isoprene rubber, ethylene * propylene copolymer, ethylene * 

propylene-diene monomer copolymer, and a chlorosulfonated polyethylene. 

As fluorine-containing compound -based, they are tri fluoro * 

chloroethylene-vinylidene * fluoride copolymer, vinylidene * fluoride-hexafluoro 

propylene copolymer, and dihydro * perfluoro * alkyl acrylate polymer. 

As urethane -based, they are a polyester * isocyanate condensate and a polyether * 

isocyanate condensate. 

As vinyl -based, vinyl chloride polymer, vinyl chloride-vinyl acetate copolymer, 1 type, 
or 2 or more types, such as acrylate polymer and a natural rubber, with respect to 100 
weight-parts (called the lower section), the thermoplastic linear polymer whose melting 
point or a glass transition point is 50-200 degrees-Celsius, for example, polyethylene, 
it is 0.01 to 20 parts of optical cross-linking sensitizers in 100 parts of mixtures added 
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100 parts or less 1 type, or 2 or more types of a polypropylene, a polybutene, a 
polystyrene, a polyvinyl acetate, polyvinyl alcohol, polymethyl methacrylate, a PVC, 
polyvinylidene chloride, etc., if further necessary, 1 to 50 parts of optical active 
crosslinkers will be provided, the heat recoverability physical property of the goods 
which irradiate a forming crepuscular rays to a tape, a sheet, a film, a sleeve, and a 
pipe and other shapes, and have springiness is improved. 

Since the characteristics of the optical cross-linking implemented in this invention can 

separate the formation process and cross-linking process to goods, they are that 

sufficient cross-linking's being implemented and a forming defective are further 

reproducible and that a bridge can be cross-linked in most polymers, that an irradiation 

installation and a safety equipment are further simple, etc. 

The fault which the other cross-linking method has can be removed. 

For example, in the heat crosslinking using the chemical crosslinker currently 

generally performed conventionally, since a cross-linking is simultaneously performed 

by the formation process, a degree of cross linking cannot be raised and there is a fault 

that easy then sufficient degree of cross linking is not obtained in a formation process. 

Moreover, in the radiation induced cross linking by the electron beam and the gamma 

ray, separation can do a formation process and a cross-linking process. 

However, the polymer which can cross-link a bridge had a fault, like immense expense 

starts being limited, an irradiation installation, and a safety equipment. 

Receive 100 parts of organic elastomers in this invention, making thermoplastic linear 

polymers be 100 parts or less, preferably 5 to 60 parts, with 100 parts or more, it is 

because the springiness, stretchability characteristics, which an organic elastomer 

has, are spoiled. 

Moreover, freezing of the drawing in normal temperature cannot be performed in 
addition of 5 parts or less. 

Moreover, that the melting point or the glass transition point of a thermoplastic linear 
polymer which is used is 50 degrees-Celsius-200 degrees-Celsius, if it is 50 or less 
degrees-Celsius, it cannot freeze at normal temperature, moreover, if it is 200 or more 
degrees-Celsius, it is because an organic elastomer may deteriorate at the time of 
mixing with an organic elastomer. 

An active ray of light is received with an optical cross-linking sensitizer, an excitation 
energy is transduced to an optical active crosslinker from a thing with the effect which 
draws out the active hydrogen in a polymer, or an excited state. 
It mainly uses a carbonyl compound etc. 

For example, aromatic carbonyl compounds, such as benzophenone, chloro 
benzophenone, 2-methyl anthraquinone, an anthrone, and benzoin, the compound 
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which has the halogen atom of photosensitization property, for example, 
monochloroacetic acid, carbon tetrachloride, etc., in addition, there are aromatic 
aldehydes, such as an aromatic acid, acid amide, acid ester, its derivative and 
benzaldehyde, and chloro benzaldehyde, etc. 

The additional amount is 0.01 to 20 parts to 100 parts of mixtures, preferably it is 0.1 to 
5 parts. 

While putting cross-linking velocity with 0.01 parts or less under a low since the 
recombination between sensitizers takes place, and in order to reduce permeation of 
an active ray of light when a bridge is hard to cross-link and a sensitizer itself being 
expensive in 20 parts or more and an active ray of light are received, it is for reducing 
many properties of the high molecular compound after a cross-linking. 
Moreover, the optical active crosslinker of the effect mechanism is indefinite. 
However, an active ray of light or the excitation energy from a sensitizer is received, it 
activates, a polymer is led to a cross-linking, and cross-linking efficiency increases by 
addition of this crosslinker, cross-linking velocity is brought forward. 
There are polyethyleneglycol dimethacrylates, such as N,N'-methylene bis acrylamide, 
an ethylene-glycol dimethacrylate, and a triethyleneglycol dimeth aery late, as this 
example. 

Preferably 1 to 50 parts of the additional amount are 5 to 10 parts to 100 parts of 
mixtures. 

In 1 part or less, the addition effect is not confirmed, and in 50 parts or more, a 
crosslinking density is too high, a flexibility and a toughness are lost, and it is not 
desirable. 

As a method of providing these optical cross-linking sensitizers and an optical active 
crosslinker, there are a method of mixing these material for a mixture during mixing in 
a hot calender roll, a method of immersing a molding, the shape of for example, a 
sheet, and a pipe-like thing in a suitable solvent in these material solutions in which it 
was made to dissolve, etc. 

It is effective if the ray of light of a visible region is discharged as a source of 
photoirradiation, since 150-600 microns(s), such as a xenon lamp, low voltage and a 
high tension or an extra high pressure mercury lamp, a carbon arc lamp, and sunrays, 
are far-ultraviolet. 

How to impart the heat recoverability property of goods of having the more concrete 
springiness of this invention is described below. 

1 to 50 parts of optical active crosslinkers are mixed as required to 100 parts of organic 
elastomers 100 parts or less of thermoplastic linear polymers, and 0.01 to 20 parts of 
optical cross-linking sensitizers, photoirradiation after forming into a tape, a film, a 
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sheet, a sleeve, and a pipe and other shapes (irradiation time changes with the kinds 
and irradiation distance of the use elastomer, a polymer sensitizer, a crosslinker (') 
kind and an additional amount, and a light source, however, it is several dozen minutes 
from several minutes) is carried out. 

After that, it heats to the temperature beyond melting point of a thermoplastic linear 

polymer, or a transition point, drawing enlargement is carried out. 

Next, it cools at the temperature below the degree of said heating. 

The obtained goods can be contracted or enlarged by heating at normal temperature, 

without contracting and elongating. 

The bridge is further cross-linked, strip off to a heat-resisting property and an electrical 

property, it has a flexibility and elasticity. 

Hereafter, the Example of this invention is described. 

However, this invention should not be limited to this. 

[Example 1] 

Isobutylene-isoprene rubber (Canada polymer corporation poly serve tyl 400) 100 
weight-parts and polyethylene (product made from Japanese Yunika-KK, DFD 2005) 
50 weight-parts are uniformly mixed with a roll by heating of about 150 
degrees-Celsius, subsequently, it cools, 1.0 parts of 2-methyl anthraquinone are 
added, film forming of the obtained mixture was carried out in 150 degrees-Celsius 
and 10 minutes (thickness is 200 micron(s)). 

Photoirradiation conditions were irradiated for 5 minutes from 200-cm distance by the 
mercury lamp of 400W in air. The irradiation film was a little yellow. 
However, even if it immerses to a xylene, an irradiation thing does not dissolve 
completely but builds an insoluble gel. 

Drawing of the irradiation time 5 and 10, 20 or 30 minutes, and five sorts of unradiated 
samples is left for 5 minutes in 150 degrees-Celsius, it draws in about 10 seconds 
respectively to 50,100,150,200%, it cools to normal temperature immediately. 
Contraction will be completely recovered, if it is left for 1 minute in 150 
degrees-Celsius. 

The drawing property is the percentage of the frozen length with respect to the length 
lengthened mechanically. 

A contraction property is the percentage of the length before the drawing with respect 
to the length after contraction. 

It showed what kind of effect a draw ratio and cross-linking time are shown in Table 1 , 
and shows in the drawing property and a contraction property. 
If a cross-linking progresses, the contraction property will improve. 
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Top row (left to right): Drawing (%), Property, Radiation time, Non-radiation, 5 minutes 
Column (top to bottom): Drawing property, Contraction property, Drawing property, 
Contraction property, Drawing property, Contraction property, Drawing property, 
Contraction property 

In Table 1, the degree of the freezing with respect to a mechanical tension evaluated 
the drawing property. 

However, it is the result of table 2 and Table 3 which the tensile strength evaluated the 
uniformity of drawing respectively further. 

Table 2 divided length of 5 cm into the sample (it is what was mentioned above and is 
non-expanded) at every 1 cm, put the mark, performed the uniaxial stretching 200% by 
free width in 150 degrees-Celsius, and showed whether it would draw each part 
divided into 1 cm after drawing for the uniform multiplying factor to change of a degree 
of cross linking. 

The variation in a draw ratio decreases as a cross-linking progresses, it is showing that 
it can draw uniformly. 



[Table 2] 
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Row (left to right): part, radiation time, non-radiation time, 5 minutes, 10 minutes, 20 
minutes, 30 minutes 

Left Column (top to bottom): first part, second part, third part, fourth part, fifth part 
Second Column: times 

*What was broken by length (1-cm unit) before drawing the length after drawing 

In Table 3, the relationship between the tensile strength of the above-mentioned 
sample, the kind of sensitizer, and photoirradiation time was shown. 
It is showing that the tensile strength is becoming bigger and the cross-linking is 
progressing as irradiation time gets long compared with a thing more nearly unbridged 
than this table. 

[Table 3] 
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Row (left to right): What was broken by length (1-cm unit) before drawing the length 
after drawing, Kind, photoirradiation time (minutes), non-radiation, 5 minutes, 10 
minutes, 20 minutes, 30 minutes 

Column (top to bottom): benzo phenol, benzaldehyde, 2-methyl anthraquinone 
* A tensile strength is based on JIS K-6781. 
[Example 2] 

1 00 weight-parts of ethylene * propylene * diene monomer copolymers (product made 
from Mitsui Petrochemical KK, EPT2070) and 50 parts ( same as Example 1) of 
polyethylene are mixed as well as Example 1, subsequently, it adds 1.0 parts 
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(benzaldehyde, benzophenone, 2-methyl anthraquinone) of sensitizers at a time 
respectively, the obtained mixture is formed into the film of the thickness of 340 
micron(s) on the same conditions as Example 1, irradiation time was changed and was 
made to cross-link a bridge. 

It is Table 1 which showed how drawing would also perform drawing 200% with 100 % 
on Example 1 and these conditions, and drawing, the kind of sensitizer, and change of 
irradiation time would influence the coefficient of contraction (*) about the data. 

[Table 4] 
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Row (left to right): drawing, sensitizer, radiation time, non radiation, 5 minutes, 10 
minutes, 20 minutes, 30 minutes 

Column (top to bottom): benzaldehyde, benzophenone, 2-methyl anthraquinone, 
benzaldehyde, benzophenone, 2-methyl anthraquinone 

* A coefficient of contraction is a percentage of the length after the contraction with 
respect to the length before contraction. 



At least maximum drawing of the sample before the drawing which Table 5 mentioned 
above shows the relationship between a rate and the kind of sensitizer (drawing 
velocity;). 
300 mm/min. 



[Table 5] 
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Row (left to right): sensitizer, radiation time, non-radiation time, 5 minutes, 10 minutes, 
20 minutes, 30 minutes 

Left column (top to bottom): benzaldehyde, benzophenone, 2-methyl anthraquinone 
Second column (top to bottom): (times) 



it comes out as irradiation time progresses, and the maximum draw ratio reduces. 
However, radiation time passes 20 minutes and is mostly fixed, it is thought that the 
degree of cross linking is saturated to the additional amount of this sensitizer. 
The maximum draw ratio in the saturated phase increases about 7 times. 
100 weight-parts (product made from Showa neoprene KK, neoprene GRT) of 
Example 3 chloroprenes and 60 weight-parts (product made from Tekko Co. and Lew 
Ron 800B) of PVCs are mixed as well as Examples 1 and 2, it adds 1.0 parts 
(benzaldehyde, benzophenone, 2-methyl anthraquinone) of sensitizers at a time 
respectively, the Mitsuteru Hazama putting cross-linking of the film of 520 micron(s) by 
which film formation might be carried out in 150 degrees-Celsius and 10 minutes in the 
obtained mixture was carried out on the same conditions as Example 1 for 20 minutes. 
The relationship of the property of the drawing with respect to three sensitizers and 
contraction is Table 6. 

[Table 6] 
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Row (left to right): drawing, property, sensitizer, benzaldehyde, benzophenone, 
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2-methyl anthraquinone 

Column (top to bottom): drawing property, contraction property, drawing property, 
contraction property, drawing property, contraction property, drawing property! 
contraction property 



(57)[CLAIMS] 

1 to the base material which adds 1 to 100 parts of linear polymers whose melting 
point or glass transition point is 50-200 degree-Celsius To 100 parts of organic 
elastomers, furthermore 0.01 to 20 parts of optical cross-linking sensitizers in 100 
parts of the base material, furthermore, if necessary, 1 to 50 parts of optical active 
crosslinkers will be provided, how to improve the heat recovery property of goods of 
having the springiness which consists of carrying out photoirradiation. 



(56)[reference] 

Patent Publication Showa 33-6783 
Patent Publication Showa 42-10739 
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